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T h e  ob jec t ive  of the research repor t ed  herein is  the develop- 
ment of thermal-control  su r f ace  coa t ings  which possess  very low 
but s t a b l e  r a t i o s  of s o l a r  absorptance (a ) t o  i n f r a r e d  emit tance 
( E ~ ) .  The work reported consists of (1) completion of the heat-  
t rea tment  s t u d i e s  of the double zirconium s i l i c a t e  pigments ( 2 )  
S 
an i n v e s t i g a t i o n  of t h e  e f f e c t  of h e a t  t rea tment  on potassium 
s i l i c a t e - t r e a t e d  z i n c  oxide and s i l i c o n e  p a i n t s  prepared there- 
from, and ( 3 )  a d d i t i o n a l  space s imulat ion test involving -- i n  s i t u  
r e f l e c t a n c e  measurement c a p a b i l i t i e s ,  
O f  the three double zirconium s i l i c a t e  pigments ( i o e o 9  ca l -  
c i u m ,  magnesium and z i n c )  calcium zirconium s i l i c a t e  e x h i b i t s  
the best s t a b i l i t y ,  In  gene ra l ,  h e a t  t reatment  of the double 
s i l i c a t e  p a i n t s  a f t e r  app l i ca t ion  i n c r e a s e s  s t a b i l i t y  whereas 
hea t  t reatment  of the pigment p r i o r  t o  incorpora t ion  i n  the 
veh ic l e  decreases  s t a b i l i t y o  
Heat t reatment  of the potassium s i l i c a t e - t r e a t e d  z inc  oxide 
p r i o r  t o  incorpora t ion  i n t o  the s i l i c o n e  elastomer h a s  apparent ly  
e l imina ted  the s h e l f  problem of S-13G g e l l a t i o n ,  
Non-stoichiometric z inc  t i t a n a t e  and z inc  t i tanate-pigmented 
RTV-602 p a i n t s  d o  not possess t h e  oxygen-bleachable i n f r a r e d  
degradat ion exh ib i t ed  by z inc  oxide and z i n c  oxide-pigmented RTV- 
602, Exce l len t  s t a b i l i t y  t o  500 ESH of u , t r a v i o l e t  i n  vacuum was 
achieved w i t h  a z inc  titanate-RTV p a i n t  a t  32% PVCo The s o l a r  
absorptance of t h e  p a i n t  prepared a t  32% PVC was O , P 4 ;  t h a t  of a 
p a i n t  prepared a t  43% PVC w a s  O , l l P ,  
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DEVELOPMENT OF SPACE-STABLE THERMAL-CONTROL COATINGS 
I ., INTRODUCTIQN 
The g2neral  requirement under t h i s  c o n t r a c t  is  f o r  t h e  
development of thermal-contr 01 s u r f  ace coa t ings  which possess 
very low but  s t a b l e  r a t io s  of s o l a r  absorptance (a ) t o  i n f r a r e d  
emi t tance  ( E ~ ) .  
three major phases;  (1) inorganic  technology, (2) s i l i c o n e  photo- 
l y s i s  i n v e s t i g a t i o n s ,  and ( 3 )  general  coa t ings  i n v e s t i g a t i o n s ,  
S 
The program h a s  been divided h i s t o r i c a l l y  i n t o  
The r e l a t i v e  emphasis placed upon each of these three major 
t a s k s  h a s  varied dur ing  the course of t h e  program i n  accordance 
w i t h  the urgency of the va r ious  problems e luc ida ted  by our inves- 
t i g a t i o r s  , a s  well as  the a v a i l a b i l i t y  of both funds and person- 
n e i ,  
the Pegasus spacecraf t  necess i t a t ed  the urgent  development of 
manufacturing scale-up procedures. 
oxygen-bleachable i n f r a r e d  degradation a s soc ia t ed  with z i n c  oxide 
p h o t o l y s i s  n e c e s s i t a t e d  the urgent examination and r e c t i f i c a t i o n  
of the p r D b 1 e m  a s  r e l a t e d  t o  S-P3, 
For example, t h e  use of S-13 onthe Saturn s-IV s t a g e s  of 
S i m i l a r l y ,  d i scovery  of the 
These a n c i l l a r y  i n v e s t i g a t i o n s  have unavoidably d i v e r t e d  
funds f r o m  t h e  three major t a s k s  ou t l ined  above,, 
it was necessary  t o  temporar i ly  suspend the s i l i cone -pho to lys i s  
s t u d i e s  du r ing  the p a s t  8-month period a s  a consequence of the 
i n v e s t i g a t i o n  of the i n f r a r e d  degradation ~f z i n c  oxide and the 
S-13-type coa t ings ,  Indeed, these s t u d i e s  have revea led  the 
For example, 
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urgency f o r  m o r e  s o p h i s t i c a t e d  -- i n  s i t u  measurements of the o p t i c a l  
properties of thermal coa t ings  mater ia ls :  they  have, a long w i t h  
the r e s u l t s  of other  i n v e s t i g a t o r s ,  a l s o  prompted the cons t ruc t -  
ion  of " i n  s i t u i i  f a c i l i t i e s  a t  IITRI and elsewhere i n  the aero- 
space indus t ry ,  
The work reported h e r e i n  c o n s i s t s  of (1) completion of the 
h a t - t r e a t z e n t  s tudies  of the doubie zirconium s i l i c a t e  pigments, 
( 2 )  an i n v e s t i g a t i o n  of t h e  e f f e c t  of h e a t  t reatment  on potassium 
s i l i c a t e - t r e a t e d  z i n c  oxide and s i l i c o n e  p a i n t s  prepared there- 
from, and ( 3 )  a d d i t i o n a l  space s imulat ion tests involv ing  in s i t u  
r e f l e c t a n c e  measurements, A funding l a p s e  of approximately 10 
weeks occurred i n  t h i s  r e p o r t  per iod,  During this t i m e  w e  (1) 
completed the des ign  and began f a b r i c a t i o n  of the IRIF ( I n  S i t u  
Reflectometer/Srradiation F a c i l i t y )  ( 2 )  designed an i r r a d i a t i o n  
chamber aimed a t  the in s i t u  measurexrent of t o t a l  hemispherical  
emittance* and ( 3 )  moved our e n t i r e  thermal c o a t i n g s  f a c i l i t i e s  
i n t o  new and l a r g e r  l a b o r a t o r i e s ,  
* 
Both the IRIF and the f a c i l i t y  f o r  measurement of hemispherical  
emit tance -- i n  s i t u  a r e  being constructed w i t h  I I T R I  funds,  
I l f  R E S E A R C H  I N S T I T U T E  
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I1 INORGANIC TECHNOLOGY 
A- Zinc oxide P a i n t s  
A series Of potassium si l icate-bonded z inc  oxides w e r e  pre-  
pared f r o m  as-received,  newly developed SP-500 z i n c  oxide ( N e w  
Je rsey  Zinc) ,  The average 
follows: 
Sample 
Grain Size 
(Microns) 
g r a i n  size f o r  three l o t s  v a r i e s  a s  
5 2 2 1  5 2 2 2  5223 
0 , 5 2  0047 0,56 
Table 1 shows the u l t r a v i o l e t  degradat ion of three 2-93 p a i n t s ,  
a l s o  des igna ted  5221, 5222 and 5 2 2 3 ,  prepared from the newly 
developed SP-500, This new mater ia l  is hea t  t r e a t e d  a t  a t e m -  
pe ra tu re  between 600 and 7OOOC fo r  one hour ,  presumably i n  a i r ,  
Table 1 
COMPARISON OF' 2-93 PAINTS PREPARED FROM 
NEWLY DEVELOPED N J Z  SP-500 ZINC OXIDE PIGMENTS 
(TEST (2-18 - 1650 ESH 8 7X) 
Exposure 
Sample N o ,  ESH 
5221  0 
1650 
5222 0 
1650 
5 2 2 3  0 
1650 
076 
0 101 
081 
106 
0 091 
0 182 
Solar  Absorptance 
a k 2 s S (I 
052 1 2 8  
051 152 0 2 4  
060 1 4 1  
059 165 0 2 4  
064 155 
063 175 0 020 
l i f  R E S E A R C H  I N S T I T U T E  
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The change i n  s o l a r  absorptance is r e l a t i v e l y  high compared 
t o  va lues  p rev ious ly  obtained on p a i n t s  con ta in ing  s tandard SP500 
z inc  oxide,  
f o r  specimen 7173 of 293 repor ted  i n  Table 1 of Triannual Report 
N o ,  IITRI-U6002-31 (November 9 ,  1965) ., 
Typical of t h e  r e s u l t s  is  t h e  aaS of -0,016 r epor t ed  
B. The Double Zirconium S i l i c a t e s  
The  r e s u l t s  of test 9-19 on s e v e r a l  double zirconium sili- 
c a t e s  a r e  presented  i n  Table 2. Of  s i g n i f i c a n c e  are t h e  n e a r l y  
i d e n t i c a l  i n c r e a s e s  i n  solar absorptance f o r  d u p l i c a t e  specimens 
of both calcium and z inc  zirconium s i l i c a t e ,  This  was observed 
f o r  specimens which possessed g r e a t l y  d i f f e r e n t  i n i t i a l  s o l a r  
absorptances ( i O e o 9  0,136 and 0,092 f o r  CaZrSi05 and 0,156 and 
0,098 for ZnZrSi05). These specimens w e r e  powder compacts and 
the d i f f e r e n c e s  i n  i n i t i a l  s o l a r  absorptance a r e  t h e r e f o r e  not  
s u r p r i s i n g ,  
The d a t a  from Table 2 was abs t r ac t ed  and used i n  Table 3 
t o  compare w i t h  the r e s u l t s  of other space-simulation tests, 
Examination of the compilation presented i n  Table 3 demonstrates 
t h a t  the s o l a r  absorptance as, of u n i r r a d i a t e d  p a i n t s ,  a s  w e l l  
a s  the change of s o l a r  absorptance due t o  i r r a d i a t i o n ,  v a r i e s  
cons iderably  w i t h  the hea t  treatment appl ied ,  It h a s  p rev ious ly  
been observed t h a t  a decrease  i n  mS due t o  temperature anneal ing 
of pigments or p a i n t s  is combined w i t h  an inc rease  i n  the s o l a r  
absorptance of the u n i r r a d i a t e d  m a t e r i a l ,  and v i c e  v e r s a ,  a 
decrease i n  as is  combined w i t h  an increased  T h i s  t r end  
I I T  R E S E A R C H  I N S T I T U T E  
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Table 2 
EFF’ECT OF 2000 ESH EXPOSURE TO UV IRRADIATION I N  
VACUUM ON SEVERAL DOUBLE ZIRCONIUM SILICATES 
(TEST (219 - 2000 ESH @ 8 X )  
Exposure Solar  Absorptance Sample 
No .  
5230 
5237 
5231 
5233 
5234 
5235 
5236 
5232 
Mater ia l  
CaZrSiOg 
(Powder) 
CaZrSiOg 
(Powder) 
M g Z r  S i 05 
( Powder ) 
ZnZrSiO5 
(Powder) 
znzrsi05 
(Powder ) 
CaZrSiOg 
(PS7- 
Paint  ) 
MgZrSiOg 
P a i n t )  
ZnZrSi05 
(PS7- 
P a i n t )  
(PS7- 
ESH - 
0 
2000 
0 
2000 
0 
2000 
0 
2000 
0 
2000 
0 
2000 
0 
2000 
0 
2000 
- SF =1 
0 081 
e , 154 
0 ,072 
8 151 
0 0 102 
a 162 
0 089 
8 165 
0 .077 
160 c1 u 
0 .083 
E 183 
0 a 110 
8 .175 
0 103 
185 n 3 
2 a 
055 
062 
0 020 
0 020 
,065 
., 065 
067 
-075 
.021 
024 
053 
052 
066 
066 
083 
077 
as 
136 
., 216 
, 092 
171  
167 
227 
P56 
240 
098 
184 
136 
0 235 
L) 176 
241 
186 
262 
____1_ 
080 
079 
060 
084 
086 
0 099 
065 
076 
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, Table 3 
EFFECT OF TREATMENT ON UV-STABILITY 
OF DOUBLE ZIRCONIUM SILICATES 
as Non- 
Mater ia l  Treatment * Binder I r r a d i a t e d  ~ lvp  (ESH) 
None 123 ,058 (2000) 
None , 156 -084 (2000) B 
D PS7 176 ,104 (2650) 
PS7 0 212 .032 (2000) E 
PS7 186 ,076 (2000) F 
ZnZrSi05 A 
I 
I C P57 0 154 ,097 (100Q; 
t 
I 
Ca!2irSi05 A 
B 
C 
D 
E 
F 
MgZrSi05  A 
B 
I C 
I D 
I 
I E 
F 
None 
None 
PS7 
PS7 
PS7 
PS7 
None 
None 
PS7 
PS7 
PS7 
PS7 
0 L P 5  
136 
165 
., 138 
, 178 
136 
0 102 
167 
138 
0 E71 
, 145 
176 
,044 (2000) 
,080 (2000) 
0012 (1000) 
,126 (2650) 
.021 (2000) 
0099 (2000) 
,058 (2000) 
.060 (2000) 
,067 (1000) 
,064 (2650) 
,032 (2000) 
,065 (2000) 
* I Treatment: A - As r ece ived ,  powder compact, 
B - Heat t r e a t e d  8OO9C/12 hr powder compact, 
C - As rece ived  pigment, p a i n t ,  
D - Pigment h e a t  t r e a t e d  8OO5C/P2 hr, p a i n t ,  
E - Pigment a s  rece ived ,  p a i n t  hea t  t r e a t e d  500°C/1 hr, I 
I t r e a t e d  500°C/1 hr ,  
I F - Pigment h e a t  t r e a t e d  8OO0C/12 hr ,  p a i n t  hea t  
I 
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however is not s o  obvious from the  d a t a  of Table 3 .  These d a t a  
i n d i c a t e  t h a t  anneal ing of t h e  pa in t  may cause a more s i g n i f i c a n t  
improvement of the p a i n t  than c a l c i n a t i o n  of the pigment  alone. 
The c a l c i n a t i o n  of the p a i n t  probably r e s u l t s  i n  a better pigment- 
vehicle bond and t h u s  i n  the formation of a m o r e  e f f e c t i v e  ad- 
sorpt ion-desorpt ion barrier with respect t o  the su r face  of the 
pigment p a r t i c l e s ,  Ca lc ina t ion  of the pigment powder m the 
other  hand e s s e n t i a l l y  reduces the su r face  free energy of the 
pigment and may g ive  rise t o  an improved u l t r a v i o l e t  s t a b i l i t y  
of powder compacts due t o  a lower concent ra t ion  of surface defects, 
A lower su r face  free energy of t h e  pigment powder however, may 
a l s o  r e s u l t  i n  a decreased chemical a c t i v i t y  and consequently 
i n  a poorer  pigment-vehicle bond i n  the p a i n t  w i t h  the r e s u l t a n t  
p o s s i b i l i t y  of photoinduced desorpt ion of gases  from the pigment 
p a r t i c l e s  , 
The fo l lowing  conclusions have been made from an examination 
06 the compilat ion presented  i n  Table 3:  
1, Heat t reatment  of the double zirconium s i l i c a t e  powders 
i n c r e a s e s  &ao This might be due t o  " f r e sh i i  su r f aces  which a r e  
c rea t ed  i n  "breaking1* the powder a f t e r  the h e a t  t rea tment ,  The 
l a r g e s t  i nc rease  i n  a occurred w i t h  CaZrSiO which h a s  tile lowest 
MP and t h u s  would *Isinter1* a t  lower temperatures  than  t h e  other  
two zirconium s i l i c a t e s ,  
5 
2. The p a i n t s  tend t o  be less t a b l e  than the pigment a lone 
except for  CaZrSi05. The CaZrSiO p a i n t  may e x h i b i t  a better 
bond between the pigment and vehic le  
5 
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3 ,  I n  gene ra l ,  pigments hea t - t r ea t ed  p r i o r  t o  p a i n t  prepara- 
t i on , excep t  far MgZrSiO exhib i ted  i n f e r i o r  s t a b i l i t y  t o  p a i n t  
hea t - t r ea t ed  a f t e r  app l i ca t ion  , 
59 
4,  Except f o r  CaZrSi059 heat-treatment of t h e  p a i n t  i nc reases  
s t a b i l i t y ,  Heat treatment of t he  p a i n t s  (u s ing  non-heat-treated 
pigment) h a s  the most favorable  effect on &a. 
C ,  General 
Specimens of inorganic  potassium s i l i ca t e -based  p a i n t s  which 
w e r e  prepared a t  NASA's  Goddard Space F l igh t  Center w e r e  fur- 
nished by the P r o j e c t  Manager. They w e r e  i r r a d i a t e d  i n  T e s t  9-18 
for 1650 ESH a t  a s o l a r  f a c t o r  of 7X, The r e s u l t s  a r e  presented  
i n  Table 4, 
Table 4 
PERFORMANCE OF GODDARD SPACE FLIGHT CENTER 
THERMAL CONTROL P A I N T S  AT 1650 ESH 
Exposure 
Sample N o .  Piqment/Binder ESH 
a-A1 0 /K-SiL 0 
5219 !ZnO/K-SiL 0 
1650 2 3  
5218 
CM-114 
CM-118 1650 
5220 r-Ti02/K-SiL 0 
CM-119 1650 
Solar  Absorptance 
---- =P = 2  = s  =S 
,095 ,126 , 2 2 1  
,174 ,120 ,294 ,073 
-096 .092 ,188 
.129 ,094 ,223 -035 
,115 ,102 ,217 
c174 ,101 ,275 ,058 
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111, METHYL SILICONE PAINTS AND MISCELLANEOUS SPECIMENS 
A, P o s t  Exposure Evaluat ion of S-13-type P a i n t s  
The development of the modified 5-13 p a i n t  s y s t e m s  employ- 
i n g  s i l i c a t e - t r e a t e d  z i n c  axide has been continued ir, e f f o r t s  
t o  compare the p r o t e c t i v e  effects of var ious  modi f ica t ions  and 
t r ea tmen t s  and t o  determine t h e  problems inherent  i n  these 
t rea tments ,  The r e s u l t s  of u l t r a v i o l e t - i r r a d i a t i o n  i n  vacuum 
on three modified S-13 p a i n t  systems a r e  presented i n  Table 5, 
Table 5 
EFFECT OF UV IRRADIATION IN V X W M  ON 
S-13G AND S-13H (TEST 0-18 & Q - i g )  
Exposure Solar  Absorptance* 
Specimen Mater ia l  ESH Solar  Factor =1 =2 = s  
5215 S-13G 0 0 ,105 .lo7 .213 
1650 7 ,158 ,111 ,269 ‘056 
5228 S-13G 0 0 ,095 .092 .I87 
2000 8 ,111 .092 ,203 ,016 
5216 S-13H 0 0 ,091 .,081 .172 
1650 7 ,139 ,081 -220 ,048 
5229 S-13H 0 0 ,089 ,072 .162 
2000 8 .PO4 ,072 ,176 ,014 
5217 S-13L 0 0 ,109 ,100 ,209 
1650 7 ,187 ,102 ,289 .080 
* 
Obtained by post-exposure measurements 
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These specimens w e r e  i r r a d i a t e d  in  T e s t  9-18 and 9-19 for 1650 
ESH a t  7X and 2000 ESH a t  8 X ,  r e s p e c t i v e l y ,  All samples w e r e  
maintained a t  5O0F dur ing  i r r a d i a t i o n .  The s i l ica te -modi f ied  
S-13 (G and H )  specimens i r r a d i a t e d  i n  T e s t  9-18 w e r e  much more 
s e v e r e l y  degraded i n  1650 ESH than i n  T e s t  9-19 f o r  a longer  
exposure of 2000 ESH, Whether the  e n t i r e  test was more severe  
than  the lamp monitoring ind ica t ed ,  or whether the s e v e r i t y  was 
due t o  the inadver tan t  add i t ion  of t o o  much SRC-05 c a t a l y s t  t o  
the three RTV-602 specimens h a s  not been determined: w e  suspect  
the l a t t e r  reason a t  t h i s  t i m e ,  I n  both tests, however, the 
S-13G modif ica t ion  ( s tandard  S-13 pigmented with PS-7-treated 
SP-500 z i n c  oxide) was s l igh t ly  i n f e r i o r  i n  both s o l a r  absorp- 
t a n c e ,  as9and as t o  the more h igh ly  pigmented S-13H (RTV-602 
pigmented a t  40% PVC w i t h  PS-7-treated SP-500 z inc  oxide) .  On 
the o the r  hand, S-P3L, which is the S-13 formulation prepared 
from O , l %  l i t h i u m  doped SP-500 zinc oxide pigment, was c l e a r l y  
i n f e r i o r  t o  S-13G and S-P3H, 
B. I n  S i t u  Space-Simulation T e s t i n g  
Specimens of S-13G, S-l3H, 293 and Zn T i 0 4  (A-54-2 powder 
obtained from N e w  Jersey Zinc) w e r e  i r r a d i a t e d  i n  the f a c i l i t y  
for  making i n  -- s i t u  r e f l e c t a n c e  determinat ions,  T h i s  equipment 
was described i n  Figures  1 and 2 of Tr iannual  Report IITRI-U6002- 
36 (February 2 1 ,  1966)"  The r e f l ec t ance  was measured a s  o p t i c a l  
d e n s i t y ,  O . D . ,  and the d a t a  are tabula ted  i n  Table 6 ,  The nega- 
t i v e  LO,D, values  a t  2,% wavelength f o r  293 a r e  a t t r i b u t e d  t o  
2 
I I T  R E S E A R C H  I N S T I T U T E  
10 I ITRI-U6002-4 2 
Table  6 
RESULTS OF 2400 ESH I N  SITU SPACE SIMULATION TEST -- 
(TEST 1-1) 
1 Sample Exposure b0 .D-  (Reflectance)  
No.  Mater ia 1 ESH 0,4u 
5240 
5241 
5242 
5243 
S- 13H 225 
350 
550 
825 
2400 
ATMO 
S-P3G 225 
350 
550 
825 
2400 
ATMO 
2-93 225 
350 
550 
825 
2400 
ATMO 
Zn T i 0 4  225 
350 (Powder ) 
550 
825 
2400 
ATMO 
2 
006 
006 
006 
,, 016 
036 
036 
0 000 
0 010 
005 
0 010 
0 020 
0 020 
0 000 
008 
0 000 
005 
040 
032 
oos3 
015 
025 
030 
.050 
040 
I_ 900 
0 010 
0 000 
Q 000 
005 - 005 
0 000 
005 
-015 
,010 
0 010 
0 010 
0 000 
0 000 
008 
008 
008 
006 
0 000 
0 000 
0 000 
* 000 
0 000 . 000 
L a  
000 
.040 
030 
030 
024 
008 
005 
.015 
, 008 
1020 
024 
004 
005 
c 002 
0 000 
D 000 
007 
.007 
e 000 
0 000 
.ooo 
0 000 
“000 
- 
2-q1 
i 010 
003 
003 
003 
013 
003 
.015 
D 020 
005 
0 020 
040 
0 020 
+ 005 
- 0 022 
- 032 
- 0 048 
+,015 
+,050 
2 
- 
- 2  
D 000 
0 000 
0 000 
e 000 
’Compared t o  MgOo 
2 
3 
IAO.D, determined f o r  2 , 5 ~  wavelength,, 
d0 .D-  determined f o r  Oo35p wavelength. 
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a l o s s  of water du r ing  the test: l i kewise  the p o s i t i v e  b0.D. 
on admission of a i r  is  a t t r i b u t e d  t o  the readsorp t ion  of water ,  
The d a t a  i n  Table 6 h a s  u n c e r t a i n t i e s  due t o  the f a c t  t h a t  t h e  
measurements w e r e  performed through a window, (The u n c e r t a i n t i e s  
are 5 0.005 O.D. u n i t s  f o r  S-13H and 2 0,010, 2 0.008 and 5 0.003 
for  S - l 3 G ,  293 and Zn2Ti04 powder, r e s p e c t i v e l y .  ) 
va lues  are gisen f o r  f s i i  - - - - -  w a v e l e n g t h s  a f t e r  225, 350, 550, 825, 
and 2400 ESH a s  well a s  for a minimum of 30 minutes a f t e r  admis- 
s i o n  of a i r  t o  the i r r a d i a t i o n  chamber. 
The b0 .D.  
The d a t a  i n  Table 3 was used t o  compute the normalized re- 
f l e c t a n c e  corresponding t o  each ~10.D.  value.  T h i s  was performed 
from the r e l a t i o n  
A0.D.  = 
uv i 
Normalized r e f l e c t a n c e  va lues  w e r e  determined for 0 and 2400 
ESH and f o r  the r e f l e c t a n c t  a f t e r  admission of a i r ,  only. These 
d a t a  a r e  presented  i n  Table 7. The r e f l e c t a n c e  va lues  f o r  S-13 
a f t e r  exposure t o  1200 ESH a r e  a l s o  shown i n  Table 7 f o r  com- 
par  i son  e 
Examination of the d a t a  presented i n  Table 7 i n d i c a t e s  t h a t  
the oxygen-bleachable i n f r a r e d  degradat ion h a s  indeed been pre- 
cluded by the s i l i c a t e  t reatment  of z i n c  oxide t h a t  i s  manifest  
i n  the S-13G and S-13H formulat ions,  
appears  t o  be s t a b l e  i n  t h e  in f r a red  r e g i o n ,  as would be expected 
f r o m  the d a t a  and conclusions presented i n  Triannual  Report I I T R I -  
The specimen of 293 also_ 
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U6002-36 (February 21, 1966) e Of p a r t i c u l a r  s i g n i f i c a n c e  is  the 
f a c t  t h a t  the A-54-2 z i n c  t i t a n a t e ,  Zn2Ti04, does not e x h i b i t  the 
infrared-degradat ion phenomenon assoc ia ted  with z inc  oxides,  
The e x c e l l e n t  o p t i c a l  p r o p e r t i e s  and the f a c t  t h a t  the loss i n  
r e f l e c t a n c e  was only 8% a t  004p wavelength a f t e r  2400 ESH make 
I 
I this  pigment an e x c e l l e n t  candidate  for  m o r e l  concentrated s t u d i e s .  
I 
* *  * * * * *  
Because of the r a t h e r  general  p l a n s  t o  use S-13 on c u r r e n t  
I hardware, the e l u c i d a t i o n  of S-13 s bleachable- infrared degra- 
d a t i o n  c r e a t e d  a number of problems f o r  t hose  organiza t ions  com- 
mi t ted  t o  the use of S-13. I I T  Research I n s t i t u t e  immediately 
made S-13G a v a i l a b l e  t o  the indus t ry  i n  smal l  q u a n t i t i e s  a t  c o s t  
I 
I 
I 
I 
I 
I i n  order t o  help a l l e v i a t e  the problem c r e a t e d  by S-13's i n f r a -  
r e d  anomally, W e  accordingly i n i t i a t e d  s t u d i e s  t o  scale-up the 
p repa ra t ion  of S-13G and H from ha l f -p in t  l abo ra to ry  batches t o  
$- t o  1-gal lon ba tches ,  I S torage of c o n t r o l  cans qu ick ly  ind ica ted  
the s i l i c a t e - t r e a t e d  pigment 's  p ropens i ty  t o  sett le i n t o  a re- 
d i s p e r s a b l e  cake, however -, 
~ 
I 
I 
I It was subsequently learned  t h a t  cans  of S-13G either gel- 
led i n  t r a n s i t  or soon a f t e r  a r r i v a l  a t  their d e s t i n a t i o n  -- 
although c o n t r o l  samples of the Piquid p a i n t s  d id  not  gel1 near- I 
I 
I l y  a s  qu ick ly  a s  t hose  shipped long d i s t a n c e s ,  It was concluded 
t h a t  the g e l l a t i o n  was due  t o  a base-catalyzed polymerizat ion of 
the RTV-602 s i l i c o n e  by the r e s i d u a l  potassium t f a l k a l i l l  s i l i c a t e  
from the t reatment  of the SP-500 z inc  oxide.  The n e u t r a l i z a t i o n  I 
i 
1 
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of the bas i c  cha rac t e r  of the r e s i d u a l  a l k a l i  s i l i c a t e  was 
t h e r e f o r e  suggested,  Since a c i d  n e u t r a l i z a t i o n  would have neces- 
s i t a t e d  cons iderable  washing t o  remove a l l  the ch lo r ide ,  which 
has p rev ious ly  been found t o  be det r imenta l  t o  s t a b i l i t y ,  hea t -  
t rea tment  of the PS7-treated z inc  oxide w a s  chosen as  a first 
course  of ac t ion ,  
The hea t - t r ea t ed  pigment was prepared a s  fo l lows ,  Approxi- 
mately 600 gms of SP500 z i n c  oxide w e r e  t r e a t e d  w i t h  PS7 potassium 
s i l i c a t e  i n  the usual  mannero The pigment was divided i n t o  w a r -  
ters w i t h  three por t ions  heated a t  500°F f o r  4 hours ,  500°F f o r  
16 hours  and 700°F fo r  8 hours ,  r e spec t ive ly ,  P a i n t s  w e r e  pre- 
pared f r o m  each of these pigments and a r e  designated S-13T1, S-13T2 
and S-13T3, r e spec t ive ly -  They were formulated on March 29, 1966, 
None of the three new formulat ions have exh ib i t ed  s i l i c o n e  gel-  
l a t i o n  a s  of Ju ly  11, 1966, A con t ro l  p a i n t  prepared from the 
un-heat-treated s i l i c a t e - t r e a t e d  z inc  oxide has  thoroughly ge l l ed  
i n  the same pe r iod ,  The three formula t ions ,  T I ,  T2 and T3, have 
exh ib i t ed  pigment s e t t l i n g ;  t h e  pigment cake i s  e a s i l y  redisper- 
s a b l e ,  however 
Specimens of S-13T1, S-13T2 and S-13T3 w e r e  i r r a d i a t e d  i n  
T e s t s  1-2 and 1-3 u t i l i z i n g  t h e  f a c i l i t y  f o r  making in s i t u  
r e f l e c t a n c e  measurements described e a r l i e r  
S-13G and a Zn2Ti04-pigmented RTV-602 (32% PVC) w e r e  a l s o  i r r ad -  
i a t e d  i n  these testso The re f l ec t ance  was measured a s  d i f f e r -  
Specimens of S-13, 
e n t i a l  r e f l e c t a n c e  i n  an o p t i c a l  dens i ty  m o d e  and AO-D. was 
recorded d i r e c t l y  by the Beckman DK-2A spec t ro re f  lectometer  
I i T  R E S E A R C H  I N S T I T U T E  
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The d a t a  f o r  these two tests are presented i n  Table 8, Because 
d i f f e r e n t i a l  p l o t s  w e r e  obtained r a t h e r  than  o p t i c a l  d e n s i t y  
versus  an MgO s tandard ,  a s  was the case  i n  T e s t  1-1, less sca t -  
ter a n d - u n c e r t a i n t y  i n  the d a t a  was noted. The errors as soc ia t ed  
with making such measurements through a thick window a r e  still  
the p r i n c i p l e  source of unce r t a in ty ,  however. 
The d a t a  i n  Table 8 was used t o  compute the normalized 
r e f l e c t a n c e  corresponding t o  each u 0 . D .  value ,  j u s t  a s  was done 
for the d a t a  presented  i n  Table 6. The r e s u l t s  of t h e  tests 
t a b u l a t e d  i n  Table 9 confirm the f a c t  t h a t  t h e  oxygen-bleachable 
i n f r a r e d  degradat ion of 5-13 e s s e n t i a l l y  can be e l imina ted  by 
t rea tment  of t h e  SP-500 z i n c  oxide pigment w i t h  potassium sili- 
c a t e  prior t o  incorpora t ion  i n t o  the s i l i c o n e  elastomer.  Further- 
m o r e ,  the hea t  t reatment  of t h e  s i l i c a t e - t r e a t e d  z inc  oxide 
p r i o r  t o  incorpora t ion  i n t o  t h e  s i l i c o n e  appears  t o  have improved 
the s t a b i l i t y  i n  the v is ib le  region a t  l i t t l e  or no expense t o  
the behavior i n  the i n f r a r e d  region. The three c o a t i n g s  based 
on hea t - t r ea t ed  pignent  d i d  s u f f e r  a s l i g h t ,  permanent decrease  
i n  r e f l e c t a n c e  a t  2.0-p wavelength, however. 
t h i s  behavior are not  known and m o r e  work is  contemplated i n  
the near f u t u r e  on the gene ra l  sub jec t  of z i n c  oxide p r o t e c t i o n  
by potassium s i l i c a t e  t rea tment ,  The s t a b i l i t y  of the non- 
s to i ch iomet r i c  z inc  t i tanate-pigmented RTV-602 was e s p e c i a l l y  
g r a t i f y i n g .  An i nc rease  i n  r e f l e c t a n c e  a t  2.+ for t h i s  p a i n t  
was recorded;  no reason  can be advanced a t  t h i s  t i m e  and add i t -  
The reasons  f o r  
i ona l  tests a r e  planned. 
I l T  R E S E A R C H  I N S T I T U T E  
I ITRI-U6002-42 
Table 8 
RESULTS OF 500 ESH I N  SITU SPXE 
SIMULATION TEST (TESTS S A M )  1-3) 
Sample Li0 .D.  (Reflectance)  * 
T e s t  0 . 4 ~  0 . 7 ~  1.k 2 . k  -N o .  Mater ia l  
S-13 1-2 -018 .OOO 
S-13 1-3 .018 ,000 
- 
- 
- S-13G 
5-13-6** S-13G 
1-2 ,018 .OOO 
1-3 -032 .OOO 
5246 S-13T1 1-3 -035 .OOO 
S-13T2 1-2 -014 .OOO 5247 
5248 S-13T3 1-2 -020 .ooo 
Zn Ti04*** 1-3 .018 -000 - 2 
e 000 
.020 
(. 000 
000 
0 000 
.ooo 
. 000 
000 
. 210 . 190 
.008 
- . 005 
. 010 
. 020 
. 020 
- 020 
- 
u.--zined by d i f f e r e n t i a l  r e f l e c t a n c e  techniques i n  the 
opt ical  d e n s i t y  mode using a c o n t r o l  specimen of each 
sample a s  r e fe rence .  
Batch 5-13-6 was prepared f r o m  2000 grams of PS-7- 
t r e a t e d  SP-500 z i n c  oxide. 
Prepared i n  RTV-602 a t  32% PVC. 
** 
*** 
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The o p t i c a l  d a t a  generated i n  T e s t  1-3 a r e  presented i n  
F igures  1 through 6,  F igure  1 shows the increase  i n  o p t i c a l  
d e n s i t y  on i r r a d i a t i o n  a s  a funct ion of wavelength, The p l o t s  
were obtained a s  d i f f e r e n t i a l  spec t ra  by us ing  c o n t r o l  specimens 
of the sample i n  the re fe rence  beam, An i n i t i a l  s p e c t r a  is 
required s i n c e  the r e f l e c t a n c e  of the u n i r r a d i a t e d  specimen and 
t h a t  of the re fe rence  a r e  seldom i d e n t i c a l  a t  a l l  wavelengths, 
I n  a d d i t i o n ,  the f a c t  t h a t  t h e  specimen t o  be i r r a d i a t e d  i s  
measured through a q u a r t z  window t ends  t o  magnify the d i f f e rences :  
indeed, Fresnel  r e f l e c t i o n  from the window may account for  the 
sudden decrease  i n  O.D. observed a t  3875 A, the reg ion  w h e r e  
z inc  oxide begins  t o  absorb almost t o t a l l y .  (The re fe rence  
would therefore be cons iderably  m o r e  absorp t ive  b e l o w  the absorp- 
t i o n  edge of z inc  oxide.) Examination of t h e  curves s h o w  t h a t  
the absorp t ion  band generated comences a t  7000 A and g radua l ly  
i n c r e a s e s  w i t h  i nc reas ing  wavelength, 
Figures  2 and 3 are s i m i l a r  p l o t s  f o r  S-13G and S-13T1. 
The degradat ion a t  the z i n c  oxide adsorp t ion  edge, which is  pre- 
sumably the r e s u l t  of vehicu lar  c o l o r a t i o n ,  is  shown c l e a r l y  
i n  these data .  
Figure 4 is  a plot of o p t i c a l  d e n s i t y  before  and a f t e r  ir- 
r a d i a t i o n  for the A-54-2 z inc  t i tanate-pigmented RTV-602 p a i n t  e 
The graph shows the long wavelength t a i l  of an absorp t ion  band 
i n  the u l t r a v i o l e t  a t  the wavelength l i m i t  of the test, i .e.,  
3375 A, Also, the inc rease  i n  r e f l e c t a n c e  i n  the i n f r a r e d  on 
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i r r a d i a t i o n  is  c l e a r l y  shown by the  decrease i n  o p t i c a l  d e n s i t y  I *  
i n  t h a t  r e g i o n ,  Figure 5 is a p l o t  of the r e f l e c t a n c e  of t h e  
I t i t a n a t e  p a i n t  before and a f t e r  i r r a d i a t i o n  (measured versus  
magnesium ox ide ) ,  The " a f t e r t t  curve was obtained by post ex- 
posure measurements, I t  w i l l  be noted t h a t  these curves do  
not  agree  w i t h  the c a l c u l a t e d  &A's t h a t  are presented i n  Table 
I 9, Th i s  is due t o  the f a c t  t h a t  t w o  d i f f e r e n t  MgO s tandards  
w e r e  used f o r  each of t h e  two measurements s i n c e  the s tandards  
are prepared  fresh each day; they are i n  t u r n  compared t o  a 
c a l i b r a t e d  V i t r o l i t e  primary s tandard,  ( I t  i s  noted t h a t  t h e  
I 
I 
V i t r o l i t e  va lues  a r e  used i n  the computer program used t o  
obta in  abso lu te  r e f l e c t a n c e  and s o l a r  absorptance,  ) Curve C 
i n  Figure 5 is t h e  r e f l e c t a n c e  of a z inc  t i tanate-pigmented 
~ RTV-602 a t  a higher  PVC of 43%, A rough cakcuzation of the 
1 s o l a r  absorptance gave a value of 0-lP for this  coa t ing ,  
Figure 6 i s  a p l o t  of the absolute  r e f l e c t a n c e  of the 32% 
PVC z inc  titanate/RTV-602 p a i n t  made on the Edwards-type i n t e -  
I 
I 
~ g r a t i n g  sphere cons t ruc ted  a t  I I T R I ,  The s o l a r  absorptance of 
I t h i s  c o a t i n g  was determined t o  be 0014, 
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I V ,  OTHER STUDIES 
A- I n  S i t u  Reflectometer/Irradiation F a c i l i t y  (IRIF) 
The cons t ruc t ion  of a multiple-sample u l t r av io l e t - s imula t ion  
f a c i l i t y  w i t h  in s i t u  hemispher ica l - spec t ra l - re f  lectance-measure- 
ment c a p a b i l i t i e s  has  been 90% completed. A schematic of the 
f a c i l i t y  was presented  a s  Figure 12 of the l a s t  Traannual Report 
(IITRI-U6002-36). It is planned t h a t  the f a c i l i t y  w i l l  be used 
fur i n i t i a l  tests of a l l  coa t ings  and for a l l  pigment sc reening  
s tud ie s .  It w i l l  a l s o  be used t o  prepare comprehensive degrad- 
a t i o n  r a t e  information on a l l  promising thermal-control coa t ings ,  
B. Methyl S i l i cone  Pho to lys i s  
The new pho to lys i s  t r a i n  w i l l  be a t t ached  t o  the Hi t ach i  
RMU-60 mass spectrometer du r ing  the  month of July.  Pho to lys i s  
s t u d i e s  w i l l  commence i n  e a r l y  August and it is  intended t o  
g r e a t l y  emphasis t h i s  phase of the program i n  order t o  complete 
these s t u d i e s  wi th in  6 months, Indeed, the genera l  coa t ings  
s t u d i e s  involv ing  the I R I F  and the s i l i c o n e  pho to lys i s  i nves t i -  
ga t ion  w i l l  r ece ive  primary emphasis du r ing  the cu r ren t  6-month 
funding period. 
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V. C W L U S ; I O N S  
The da ta  presented i n  t h i s  r epor t  g r e a t l y  supports  the 
concept t h a t  the s t a b i l i t y  of a given pigment/binder system is 
a s t r o n g  func t ion  of the degree t o  which the pigment is encap- 
s u l a t e d ,  i .e , the intimacy of the  pigment-binder i n t e r f a c e  
While f o r  z inc  oxide t h i s  may be due t o  the o r t h o s i l i c a t e  r e a c t i o n  
p r o d u c t ,  the s t a b i l i t y  is probably t o  a iwge extent dependent 
upon the degree t o  which the binder i n h i b i t s  d i f f u s i o n  and adsorp- 
t i o n  a t  the i n t e r f a c e ,  Not only has  t h i s  been shown t o  be t r u e  
f o r  the so c a l l e d  " in f r a red  anomallyl', but  the improvement i n  
the s t a b i l i t y  a t  v i s i b l e  wavelengths ( i s e o 9  a t  about 4000 A )  
af forded  by the potassium s i l i c a t e  t reatment  of z inc  oxide i s  of 
cons ide rab le  s ign i f i cance  , i f  r e a l  Indeed, these observa t ions  
appear t o  be analogous t o  the exce l l en t  s t a b i l i t y  exhibited by 
v i t r e o u s  enamel, i n  which case  the  r e p r e c i p i t a t e d  mic roc rys t a l l i ne  
o p a c i f i e r  is most c e r t a i n l y  pro tec ted  by a dense,  r i g i d  d i f f u s i o n  
b a r r i e r  ! 
Heat t reatment  of the double zirconium s i l i c a t e  powders de- 
c reases  s t a b i l i t y  -- presumably due t o  llfreshlt su r faces  which 
are c rea t ed  i n  gr inding  the powder a f t e r  t h e  hea t  t reatment .  
the three doubZe zirconium s i l i c a t e s  -- z i n c ,  magnesium and 
calcium -- calcium zirconium s i l i c a t e  su f fe red  the g r e a t e r  
decrease  t o  s t a b i l i t y  on hea t  t r e a t i n g ,  I n  genera l ,  the hea t  
t reatment  of the pa in t  a f t e r  app l i ca t ion  inc reases  s t a b i l i t y  
whereas h e a t  t reatment  of the pigment p r i o r  t o  pa in t  p repa ra t  
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decrease; s t a b i l i t y .  B e s t  s t a b i l i t y  was achieved with calcium 
zirconium si l icate-pigmented potassium s i l i c a t e  p a i n t s  which 
w e r e  i r r a d i a t e d  without hea t  t r e a t m e n t  (although hea t  t rea tment  
s t i l l  r e s u l t e d  i n  t h e  second bes t  s t a b i l i t y  achieved) . 
Heat t reatment  of t h e  potassium s i l i c a t e - t r e a t e d  z inc  oxide 
used t o  prepare S 1 3 G  has  apparent ly  e l imina ted  t h e  problem of 
coa t ing  g e l l a t i o n .  This was accomplished a t  l i t t l e  or no 
expense t o  s t a b i l i t y  i n  t h e  in f r a red  region of t h e  spectrum, 
Indeed, t h e  s t a b i l i t y  a t  v i s i b l e  wavelengths may be improved 
by h e a t  treatment of t he  s i l i ca te -modi f ied  z inc  oxide a t  700°F 
f o r  8 hrs. 
One of the most s i g n i f i c a n t  results of t h e  s t u d i e s  during 
t h i s  report period is t h e  o p t i c a l  p r o p e r t i e s  and t h e  s t a b i l i t i e s  
achieved with z i n c  t i t a n a t e  (Zn2Ti04) p a i n t s  based on RTV-602. 
Not only does z inc  t i t a n a t e  not  show the oxygen-bleachable 
i n f r a r e d  degradation exh ib i t ed  by z inc  oxide, b u t  RTV-602 coat-  
-
ings w e r e  prepared w i t h  s o l a r  absorptances as low a s  O o l l e  Long 
range tests are planned t o  determine t h e  s t a b i l i t y  of z inc  t i t a n -  
a t e  pigmented s i l i c o n e  p a i n t s  a t  exposures t o  a t  l e a s t  2000 ESH. 
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